This study examined the impact of push-pull technology (PPT) on the nutritional status of children aged 1-12 years. Non-push-pull (NPPT) farmers were used as a control group to establish a comparative model for this study. It determined household production, consumption, and surpluses, comparing the PPT adopters to the nonadopters; found out the incomes and food expenditures from farm products; found out the household dietary diversity scores; and finally found the nutritional status of the two household groups. A six faceted household-level metrics was employed. A sample of 216 households that registered 326 children was derived. This study was conducted in western Kenya: Busia, Butere, Siaya, Vihiga, Kisumu, and Migori. In this study 53% were male and 47% female from the households assessed. Households with married couples were 87.5%, 1.9% were single parents, 0.5% were separated and 10.2% were widowed. Averagely, 7.20 members came from PPT households, while 6.99 were from NPPT households. Each household (both PPT and NPPT) had an average number of three children. The study further showed that 88 households of PPT had their income sources from farm products sales as NPPT had 67 households on the same. Income was averagely 126.29US$ for PPT and 91US$ for NPPT. Push-pull households had 1303 Kgs of farm production while NPPT had 578 Kgs per year. The scale of agriculture to nutrition benefits recorded 8.7/10 for PPT and 7.14/10 for NPPT. Finally, PPT registered 12% of ≥+2SD, 84% of between -2 and > +2SD and 4% of ≤ -2SD for children under five years and 3% of ≥+2SD, 89% of between -2 and > +2SD and 8% of ≤ -2SD for children aged between 6 to 12 years. Non Push-pull households controversially registered 3% of ≥+2SD, 61% of between -2 and > +2SD and 36% of ≤ -2SD for children less than five years and 3% of ≥+2SD, 53% of between -2 and > +2SD and 44% of ≤ 2SD for children aged between 6 to 12 years. In conclusion, PPT is proven as an agricultural intervention that has enhanced nutritional improvement.
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INTRODUCTION
The push-pull technology (PPT) is a strategy of controlling agricultural pests by using repellant "push" plants and trap "pull" plants [1] . For an instance, the stem borer pests of cereal crops in sub-Saharan Africa comprise the larvae of a number of members of the Lepidoptera, both indigenous species, as exemplified by the maize stalk borer Busseola fusca (Noctuidae), and non-indigenous, or introduced, stem borers such as the spotted stem borer, Chilo partellus (Crambidae). B. fusca is distributed throughout subSaharan Africa, whereas C. partellus is mainly found in Eastern and southeastern African countries [2] . Cereal crops like maize or sorghum are often infested by these stem borers [1] . Their feeding habits on maize and sorghum result in yield losses of up to 88%, depending on the cultivar planted, the developmental stage of the plant at infestation, infestation rate, and prevailing environmental conditions, among other factors [2] . This has been a major challenge to high quantity and quality harvest of the cereal crops and a direct initiator of food insecurity. These insects use a range of grasses [1, 3] including indigenous crops such as sorghum and the introduced maize.
Field trials were initially established at Mbita Point and at the then Kenyan Agricultural Research Institute's (KARI) field site at Kitale, Trans-Nzoia District, in which 50×50 m plots of maize were compared, in terms of stem borer attack, with a similarly sized plot incorporating a surround of two rows of Napier grass. A bare patch of ground was required between the maize and the Sudan or Napier grass so that the trap crops would not take water or soil nutrients from the main crop. Where the maize was grown as a monocrop, there was a statistically significantly higher level of stem borer attack, as measured by cutting the stems and investigating for larval mining (16.8 and 27 .5% in the treatment and control plots, respectively, in Suba District, Kenya, and 10 and 20.9% in the treatment and control plots, respectively, in Trans-Nzoia District, district with capital 'D' or small 'd'…choose one and be consistent throughout the text Kenya [4] . Similar comparative trials were established using molasses grass, growing this as a one-to-one intercrop without changing the maize row spacing. Here, the reduction in stem borer damage was even more dramatic (for example, damage reduced from 39.2 to 4.6%) [1] .
The push-pull technology was eventually developed at the International Centre of Insect Physiology and Ecology (ICIPE) in Kenya in collaboration with Rothamsted Research, UK, and national partners as an effective and successful program researched and developed at ICIPE. Over 110,000 farmers now use this method of cultivation that was developed initially in 1997 by Professor Zeyaur Khan [5] . It is an excellent example of how we can achieve Sustainable Development Goal (SDG) 2: "End hunger, achieve food security and improved nutrition and promote sustainable agriculture" [5] . It has contributed to improved food security and health by increasing the uptake of Push-pull technology for improved cereal and livestock productivity in eastern Africa through innovative and integrated dissemination pathways and partnership platforms, including field days, farmer teachers, field schools, participatory videos, cartoon books, drama and mobile telephones [6] .
By seeking closer collaboration with nutrition, agriculture can gain new insights into the needs of its primary customer, the consumer, whether poor or rich [7] . The four pillars of food security are availability, access, utilization, and stability. The nutritional dimension is integral to the concept of food security [8] . A study on agriculture and food security in Ghana states that, with high levels of farming experience, the productivities and efficiencies of maize farmers in Ghana are expected to be on the higher side since experienced farmers could predict appropriate husbandry practices for efficient maize production [9] . A range of interventions in the agriculture production domain have potential to make it more nutrition-sensitive than in the past [10] . Though most studies focus on income generation and poverty reduction, nutrition improvement is rarely explored. This gap needs to be filled as malnutrition reduction is a long-term goal for major international efforts [11] .
This study, therefore, has probed how PPT has enriched nutrition through objectives of determining household production, consumption and surpluses, comparing the PPT adopters to the non-adopters; finding out the incomes and food expenditures from farm products; finding out the household dietary diversity scores; and finding out the nutritional status of the two household groups (PPT and NPPT).
MATERIALS AND METHODS

Research Method
The research utilized both qualitative and quantitative methods. Qualitative method, also known as 'fieldwork, ethnography and grounded theory' entails measuring with non-numerical data [12] while quantitative methods emphasize objective measurements and the statistical, mathematical or numerical analysis of data collected through polls, questionnaires and surveys, or by manipulating pre-existing statistical data using computational techniques [13] . Qualitative methods were used to analyze and describe the diet aspects of the farmers' households while quantitative methods were used to verify a quantified attribution in farm product production, income, food expenditure, energy consumed and the anthropometry measurements between the PPT and NPPT households. It applied household-level metrics that captured six linked facets of food systems and nutrition, which included: intervention food sustainability, accessibility and affordability of food, resilience of food systems, agriculture-nutrition benefit, dietary habit and adequacy, and nutritional status assessment [14] .
A hybrid design involving PPT as an agricultural and nutrition design was adopted from Hawkes' conceptual framework to run and evaluate the field tests [15] . This design combined a cluster randomized probability design comparing the PPT to NPPT farmers. Nutritional impact of these two farming systems was defined through the nutritional assessments conducted that included anthropometry and dietary assessments [16] . 
Policy and Governance
Health care and education Sample size design A sample size of 216 households was based on the survey monkey calculator. Adopters of PPT were approximately 200,000, giving confidence to the sample formula in the equation below. There was purposeful richer information anticipated from the sample calculated, as regions of survey chosen were the very first in the initiation of this technology. Therefore, 216 farmers' households were to be interviewed; 108 PPT households and 108 NPPT households. 
Nutritional status
Data Collection
The interviews were conducted by the six (6) trained enumerators for the six (6) regions. The enumerators were chosen from the locality of the regions of the survey. Questionnaires were designed for different groups, that is, PPT and NPPT groups but having same variables of the study. Key findings of the survey are below.
Data Analysis
Data entry was made through a Census and Survey Processing Software System (CSpro) and imported to Statistical Packages for Social Sciences software for analysis. Anthropometric calculations were done by WHO Anthroplus software and entered through CSpro software as already refined data from questionnaires. Statistical analyses used were mean, correlation, regression and cross tabs. Tables, graphs and pie charts were used in presenting analyzed data.
RESULTS AND DISCUSSION
Demographic Characteristics
The information on demographic characteristics indicated a 53% of the male household heads and 47% of the female heads. This was in respect to who took the active role in the farming activities. Households consisted of 87.5% married couples, 1.9% single parent, 0.5% separated parents, and 10.2% widowed according to the classification of the study to determine meal consumption process. The average number of household members for the PPT group was 7.2 and 6.99 for the NPPT group. Analysis of the average number of children per household also revealed that NPPT had one child aged between 1 -5 years and two children aged between 6 -12 years and the same was for the PPT.
Empowerment of women (at 47%) had improved amongst all the groups of households' farmers compared to a decade ago. Gender equality has remained a major target amongst many regions. Such a transformation can be enhanced with improved information about the range of inequalities and specific constraints facing women. A simultaneous and integrated pursuit of such information and transformation is essential for gender equality strategies and food security strategies to complement each other and maximize their synergy.
An assumption of this study regarding the family composition was that a household with both father and mother had a maximum capacity to boost the nutritional status of the children because of full parent-child care that associates mental satisfaction. With the households of married couples indicating 87.5%, the nutritional status anticipated was a majority of nutritionally normal children.
Food accessibility and availability to the members of households, especially children, is majorly determined by the number of the members of a household (children composition). The higher the number of children, the lesser the food accessibility and availability. However, PPT households reflected a higher average number yet sufficiently supplied by food. It related to the other aspects of this study including production and consumption in the households.
The number and sex of competing siblings in a household could affect the nutritional status of children. The presence of more than one child in the household usually results in not only resource constraints but also in competition among the siblings that would result in unequal child nutritional outcomes. For this study, an average of three children per household evinced a slight pressure on food availability and accessibility. According to the "resource dilution" hypothesis, households with more children accrue fewer resources to each of the siblings.
Income sources and their portions in food expenditure
This study also showed that some of the major income sources that contributed abundantly to food expenditure were the sale of farm products (PPT -88 households and NPPT -67 households) and dividends/women groups (PPT -85 households and NPPT -81 households). Other sources of income such as employment, remittances, pensions, rent, fishing, casual labor and others contributed less to household incomes.
Income sources are the major strength of other food purchases and diet quality of the households. A household with a higher income has the ability to value diverse foods. According to Table 3 , PPT households are more pronounced and secured with different sources of income and, therefore, it is with no doubt that food availability and accessibility are associated with fewer challenges as compared to the NPPT households.
Household Incomes
The real income earnings of a household give a reflection of their food and nutrition security situation. An average monthly analysis of the earnings of farmers in PPT households was Kshs. Amount of income analysis gives evidence to the sources of income and to the stability of this research in identifying diet quality of the households. With PPT households having a higher income, diet quality is likely to be practiced and nutritional status of the children is likely to be boosted.
Income sources is a considering factor to determine how best the households can access basic needs (specifically food). Increasing individual income and purchasing power is regarded as an important prerequisite for improved nutritional status of the community [19, 20] . Still, PPT proves adequate in the income sources revealing that sales of farm products largely contribute to their income sources as compared to the other sources of income. However, several PPT farmers construed that they made an extra addition for food expenditure from their other sources of income on top of what they got from the sales.
Production, consumption, and surplus Production, consumption, and surplus here are measured in kilograms of the yields that come from the farm as a result of the specific farm practice (either PPT or NPPT). Apparently, fodder enrolled the highest quantities across all the variables measured in PPT, that is, production -3,366, consumption by livestock -3,188 and surplus -177. Maize, majorly consumed by the households as a staple product recorded production -1303, consumption -825 and surplus -477 in PPT households. This was double the respective quantities in the NPPT households. Sorghum, millet, beans, groundnuts, cassava, and vegetables also revealed significant differences between PPT and NPPT as is in Table 1 .
The contribution that PPT has made on the nutrition of farmers is evident from farm production. It is clearly noted that PPT has increased production of farm products compared to the general farming. World Bank reports that agriculture can improve the quantity and quality of diets in households for subsistence farmers, reduce income poverty through production sales and agricultural labor, empowerment of women as income-earners, decision makers and primary childcare providers, decrease food price volatility and increase government revenues that can be used to finance health care, education and nutrition interventions [21] . But this study reveals that NPPT farming produces a little production effect compared to PPT-adoption farming. The latter, PPT, reaps better production and enriches the food value chain to an enhanced nutritional status of household children.
Comparing production in 2015 between PPT and NPPT has indicated that quite a substantial distinction is derived from elevated results of the probable significance of PPT. World Bank establishes that household production for the household's own consumption is the most fundamental and direct pathway by which increased production translates into greater food availability and food security [21] . And as it is in this study, consumption quantity is higher in PPT than in NPPT and hence endorsing World Bank's emphasis that more production of staple foods leads to a greater access to and consumption of energy [21] . Diet quality then improves as food diversity sets in from food availability and accessibility. Most definitely, PPT households have recorded fewer households affected by food inadequacy due to the higher production obtained after technology adoption by farmers.
Figure 4: Food production graph
With a higher surplus, farmers sell excess when they do not have enough storage facilities or when there is a need to fund other domestic activities or purchase other food products. Push-pull households with higher surplus benefits largely from income obtained from the sales of farm products and in return, more food expenditure for the household is apparent. Good sales allow for a better expenditure on different food products to ensure diet quality and diversity as observed in the household dietary diversity score (HDDS).
Cost of sales and food expenditure per season
The quantity that remains after consumption of the generally produced yields is surplus. Surpluses in this study were majorly converted to cash (through sales) for domestic purposes and especially additional food expenditure. Analyzing PPT adopters only, the study showed that after adoption, there was a substantial increase in the sale of farm products and corresponding total food expenditure. For instance, before PPT adoption, maize sales earned Kshs. 2,945 (28.43 US$) while after adoption, it had increased to Kshs. 10,827 (104.51 US$). The amount of income used for purchasing food also showed a shift from Kshs. 1,938 (18.71 US$) before adoption to Kshs. 6,439 (62.15 US$) after adoption per season. Other products also showed approximately the same results as in Table 2 . This meant a higher income for PPT households and a higher total food expenditure for the 2015 season.
Food inadequacy
Food inadequacy tested the rate at which households had food shortages in the entire year of 2015. Months with little food for the household reflected a confirmed case of food unavailability. In the NPPT group, the numbers of households with food inadequacy across the months of 2015 were higher with a severe case in May, having 88 households affected. And in PPT, fewer households had experienced the severity of Production NPPT Production PPT food inadequacy in fewer months, that is, April, May, and June with 12, 13 and 12 households, respectively. In PPT households, food inadequacy was reduced immensely. Owing to the generally higher production, a food reservoir is formed to last the households longer. This achieves a millennium goal of food security when all households can secure food at all times. The graph below shows the observed food inadequacy situation.
Figure 5: Graph of food inadequacy
Monthly Food Expenditure
The average food expenditure for the entire year of 2015 and the first third of 2016 revealed a slight difference between PPT and NPPT households. Push-pull households recorded Kshs. 5,999 (57.91 US$) as NPPT recorded Kshs. 5,791 (55.9 US$). Food expenditure was looked at in two dimensions. First is when the households' food production is low, there is a likelihood of more food expenditure to avail food for household members and secondly, when there is more surplus which is later sold, more income is availed for food expenditure. The first incidence was probably identified with NPPT households on many occasions since their production was limited. And with the PPT households, food expenditure predominantly depended on the number of sales or additional income. Push-pull households were apparently not highly affected by food availability compared to NPPT households and, therefore, food expenditure does not seem to depend on food shortage.
Scale of agriculture to nutrition benefits
The scale of agriculture to nutrition benefits is a researcher individual test seeking to know the benefits obtained in a comparative set up between PPT and NPPT. The benefits were standardized by a constructed tool investigating what achievement households accrue from certain farming practices (both PPT and NPPT) and the numbers of households that responded positively were noted for both groups. In this scale, PPT reflected 8.7 out of 10 compared to the NPPT's 4.9 as indicated in Table 5 . The scale of agriculture to nutrition benefits proved a theory that PPT has the capacity to increase the number of animals, increase the live weight of livestock, increase the household's income for purchasing additional food, dietary diversity, promote women empowerment and independence in increased income [19] , improve health status, increase the quality of crops and animals, create self-employment, crop diversification and increase quantity of staple grains. These minimally occurred in NPPT households.
Household Dietary Diversity Score
The enlisted analysis on household dietary diversity score revealed a significant difference between the two households. It indicated that a maximum number of households, both PPT and NPPT, consumed food group A (108). That is, all households are maximum dependents of cereals such as maize. This food group is a major energy food that promotes sustenance of household members and critically, their sustenance promotes nutrition through supplementation or complementing with other food groups. However, a founded and critical difference was evidenced in food groups B, C, D, E, F, G, H, I, J, K and L consumption where PPT had more households consuming these categories. Household Dietary Diversity Score finally reflected a general score of 8.5/10 for the PPT households against 7.14/10 of the NPPT as in Table  6 . This suggests that PPT is richer in providing variety and diversity of essential nutrients through consumption of all ranges of food groups. The graph below shows the HDDS/nutrient diversity intake tendency of the PPT and NPPT. for NPPT households. Push-pull households recorded the highest number of normal weight children -145 compared to the NPPT's -89. It also recorded a higher number of overweight children (11) compared to NPPT (5). The pie charts below presents the classes of nutritional status for children as revealed in Table 7 . In this presentation, therefore, PPT draws a magnificent result from fewer children found malnourished. The bulk of PPT children are normal and overweight, a positive outcome. Though the underweight children need nutrition intervention, a lesser effort is likely to be put in PPT children compared to the NPPT ones. The WHO Global Database on Child Growth and Malnutrition uses a Z-score cut-off point of <-2 SD to classify low weight-for-age, low height-for-age and low weight-for-height as moderate undernutrition, and <-3 SD to define severe undernutrition. The cut-off point of >+2 SD classifies high weight-for-height as overweight in children [17] . This agricultural technology essentially identifies a sort of reclamation strategy (community nutrition intervention) for a better nutrition-considerate household farming when compared to NPPT where over a quarter of NPPT children are malnourished. 
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CONCLUSION
The push-pull technology was invented as an agricultural pest and weed control strategy to diminish pest infestation on cereal crops planted by farmers. More studies had, however, showed that it did not only reduce pest infestation but also improved soil health and increased food security through a higher farm production. It is apparent that the production of the cereal crops in PPT households is higher than that of NPPT as evidenced in this study. The objectives were to determine if the technology impacts the nutritional status of the adopters as well as indicate that production is elevated and income boosted in turn and food expenditure is successively raised until a higher and better nutritional status is achieved. Evidently, PPT draws a magnificent result from fewer children found malnourished. Majority of PPT children are normal and overweight, a clearly positive outcome. Thus, less effort is likely to be put into PPT children compared to the NPPT children.
Nutrition improvement by PPT as an agricultural intervention has proven positive with boosted production and food value chain that increases household food consumption, diet quality, and nutritional status improvement. An observable result of reduced food inadequacy amongst the PPT households ranks the technology to a high impact nutrition intervention through the agricultural domain. Nutritional status of children is seen better with the adopters of PPT and this informs the agricultural sector on PPT as a rich and safe intervention that can help reverse the rampant cases of malnutrition in sub-Saharan Africa.
Therefore, this study recommends that further research and evaluations on PPT be done in order to affirm the principles of PPT in enriching nutrition. Although it is a rich technology, a standard agreement and policy are essential to help small-scale farmers reach the optimal goal of nutrition health and development as required by WHO using this technology. It is, therefore, better to bring in an all-inclusive effort in research and appraisal of this technology to promote a better future for farmers and the general population.
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